To improve the detectability of the gastric lesions in the X-ray examinations, the computer image processing methods of radiographs of gastric cancer lesions are discussed. We propose an adaptive differential filter to the edge detection. Moreover, the level set method is adopted to the segmentation. To verify the effectiveness of the proposed method, the numerical examples are carried out, using the case radiograph of the gastric intestines medical picture database produced by National Kyushu Cancer Center. The numerical results show that the number of iterations in the level set method can be reduced using the binary image obtained by the adaptive differential filter.
Introduction
The radiography image (contrast radiograph) that uses the contrast medium can easily distinguish the stomach, intestines, and the blood vessel. Contrast radiographs are not always taken in the same direction. Moreover, even if in radiographs taken in the same direction, the shape of the stomach differs in each person. In the image diagnosis with such complicated images, a doctor finds out a disease by judging synthetically based on about eight or ten sheets of radiographs taken in a standing position, a lying position, or an inclined position, and specifies the disease name, and the illness term of a lesion. Because of the complexity of these images, remarkable years will be required until he can diagnose the stomach with contrast radiographs. Therefore, the computer-aided automatic diagnostic support system (computer-aided diagnosis, CAD) dealing with contrast radiographs of gastric intestines (stomach, colon, etc.) , which have many variations of images, is needed for the purpose of helping a quick decision. In the CAD system, it is necessary to specify the location of the lesion and to choose the name of a disease that agrees with the lesion from the templates.
We have recently proposed a new differential filter of a non-linear function based on the adaptive control theory (Park and Matsuo, 2005; Matsuo et al., 2008; Nomura et al., 2010) . In particular, Park et al. applied the differential filter to estimate the time-derivative of a non-linear intensity function for each pixel to detect moving objects within a scene acquired by a stationary camera. The non-linear intensity function is introduced to reduce the effect of noises on the specified intensity. The variation of the non-linear intensity function is estimated by using the adaptive parameter adjustment law.
In this paper, we discuss the pre-processing methods for the cancer classification by using the adaptive differential filter. Pre-processing is a task that removes unimportant information from data. We focus on the edge detection method, the segmentation of the detected edges, and the feature extraction of the image segments. The adaptive differential filter is applied to calculate the spatial derivatives of contrast radiographs in order to detect lesions of gastric intestines. First, we modify the differential filter proposed by Park and Matsuo (2005) to estimate spatial derivative of the non-linear intensity function. The filter is used to detect the edge of the images weighted by the nonlinear intensity function. Next, the level set method (Li et al., 2005; Jelen et al., 2008 ) is adopted to carry out the segmentation of the edges. We compare the performance of the segmentation of the edges between the binary image obtained by the adaptive differential filter and the original image. Furthermore, we calculate the circularity and the irregularity to extract the histological characteristic features of the cellular image. Finally, the numerical examples are carried out by using the radiograph of the gastric intestines medical image database created by National Kyushu Cancer Center.
Adaptive differential filter for edge detection
To detect the edges in images, the proposed differential filter estimates the spatial derivative of a non-linear intensity function at each pixel. The differential filter allows us to attenuate the influence of noises in estimating the spatial derivative of pixels. The computational cost of the differential filter is not so high in estimating the derivatives of the non-linear intensities, because one directional derivative of a pixel can be calculated by two equations with the intensities of two pixels. 
Generation of tasks and task graph
Let I(x, y) be an intensity of a specified pixel at (x, y) and f(I(x, y)) be its non-linear intensity function of an original picture image. In order to detect lesions of gastric intestines, we selected the following non-linear function, f(I) = log[cosh(I)] shown in Figure 1 . The derivative of the function with respect to the intensity is given by ( ) tanh( ). df I I dI =
Estimation of spatial derivatives of non-linear intensity
The spatial differentiation of the non-linear intensity function is given by
where the spatial differentiation of the intensity function of the image is calculated in the difference form: 
The spatial derivatives of the intensity function can be written by using the inverse of the slope of the non-linear intensity function: 
where
.
Regarding (3) as state-space equations, and using the available data I(x, y), we can estimate the parameters θ x and θ y using the adaptive identification method (Park and Matsuo, 2005) . The dynamic estimator is given by θ xy = |θ x | + |θ y |.
Level set method for segmentation
We adopt the variational level set method (Li et al., 2005) as a pre-processing for the cancer classification. We review the level set method based on the references (Li et al., 2005; Jelen et al., 2008) . In the level set method, the segmentation problem is equivalent to the computation of a surface Γ(t) that propagates in time along to its normal direction (Jelen et al., 2008) . The Γ(t) curve is defined as a set of a zero level of a time-varying function φ(x, t):
The evolution equation of Γ(t) is given by 0.
The function φ(x, t) describes a curve defined by
where d is a signed distance between x and the curve Γ(t). If x is inside (respectively, outside) of Γ(t), then d is negative (respectively, positive). The function F is a speed function that depends on the image data and the function φ.
Li et al. (2005) proposed a modification form of traditional variational level sets to overcome the problem of the reshaping of function φ to be a distance function within the evolution cycle (Jelen et al., 2008) . The proposed evolution equation is given by
where μ > 0 is a parameter that controls the effect of penalising the derivative of signed distance function, φ. The function g called the edge indicator function is defined by
where G σ is the Gaussian kernel with the standard derivation σ. The constant λ > 0 is a weight of the energy function that computes the length of the zero level curve of φ and the constant ν is a weight of the energy function to speed up the curve evolution (Li et al., 2005) . Applying Li's variational level set method to the output of the adaptive differential filter, we detect the edge of the images weighted by the non-linear intensity functions as the tumour boundary.
Feature extraction
For classification purpose, we use the following features (Jelen et al., 2008): 1 Area: it is calculated as the sum of all pixels, x, of the segmented nucleus, N:
1.
2 Perimeter: it is the length of the nuclear envelope calculated as the length of a polygonal approximation of the boundary, B:
Moreover, we approximate the segmented nucleus as a circle with the area A and calculate the perimeter of the circle, P C , (Yongbum, 2008) . The perimeter, P C , of the circle with the area A is given by 2 .
We calculate the circularity and the irregularity of the detected region by the level set method in order to extract the histological characteristic features of the cellular image. To quantify the shape of the region, we calculated weighted average circularities of the region. The circularity C is defined by
The irregularity is given by 1 .
According to the gross characteristics of all lesions, their face-on appearances are classified into following seven types (Yoshikawa, 1967 We test the validity of the circularity and the irregularity calculated by the estimated tumour boundary derived by the adaptive differential filter and the level set method. Figure 2 shows the original image and the bilateral filtered image proposed by Tomasi and Manduchi (1998) . Figure 3 shows the results using the adaptive differential filter and the Sobel filter. The parameters of the adaptive differential filter are γ x = γ y = 0.08. 
Discussion
We compared with the image of the Sobel filter and the image of the adaptive differential filter. The images of an adaptive differential filter are converted to the binary images by using Otsu's (1979) method. The background noises outside of the stomach wall in the membrane images are eliminated, consequently, the shape of a lesion becomes more clear. Especially, Figure 8 shows that the adaptive differential filter emphasises the edge of the stomach wall and reduces the noises outside of the stomach.
Segmentation by level set method

Case 1
The image in Case 1 is used to detect the outline of the lesion that is progressed cancer with an L character type irregular-form. Figure 6 shows the zero level curves after the 500 iterations. The initial contour of the level set method is selected as a rectangular line near the outer circumference. In the left side of the images near point 1 in Figure 6 , the zero level curve (red line) in the original image enters inside the lesion too much. On the other hand, the curve in the adaptivefiltered image almost fits the lesion. Moreover, the curve in the original image cannot catch the edge near point 2 in Figure 6 , since an L-character-type lesion such as Case 1 is difficult to detect the lesion area. By using the binary image obtained by the adaptive differential filter, the curve is located near the actual edge of the lesion. 
Case 2
The image in Case 2 is used to detect the stomach wall. Figure 7 shows the zero level curve after the 500 iterations. Figure 8 shows the comparison of the conventional edge detection techniques with the adaptive differential filter. The Laplacian method could not detect the curve of edges. The Sobel method and the Prewitt method are effective in the depiction of the stomach wall outline or the location of a lesion. The adaptive differential filter is a kind of edge detector that is robust against background noises. Figure 8 indicates that the adaptive differential filter can detect a polyp by selecting an appropriate non-linear intensity function. The variation of the intensity of stomach membranes can regard as background noises. These noises can be eliminated by converting the grey scale image obtained by the adaptive differential filter to the binary image. 
Discussion
Feature extraction
We compare the performance of the segmentation of the edges between the binary image obtained by the adaptive differential filter and the original image. Throughout the simulations, we fix the iteration number of the level set method to the same value 400. From Figures 11, 12, and 15, the level set curves obtained by the original image cannot converge to the edge of the lesions. After the segmentation of a lesion, we try to extract the characteristics of lesions. The tumour boundaries of the 16 lesions are estimated by using the adaptive differential filter and the level set method. Table 1 shows the relationship between the circularity and irregularity for each lesion type, and Figure 8 shows its correlation diagrams [ Figure 8 (a) the original images, Figure 8 (b) the binary images obtained by the adaptive differential filter]. Using the circularity and the irregularity, we can distinguish a benign tumour and a malignant tumour. The edge segmentation results for the 16 types of lesions are shown in Figure 10 to Figure 25 . As shown in Figures 12, 15 , 19, and 24, it failed in the judgement of the malignant tumour with round shape. In these case, more filtering techniques or feature extraction are needed. Note: The circularity is 0.45 and the irregularity is 2.20 in the binary image case.
Conclusions
We compared the performance of edge detection between the adaptive filter and the Sobel filter. The derivative of the non-linear intensity function enhances the changes of the specified intensity band. Moreover, we adopted the level set method to the segmentation for the cancer classification.
The numerical examples show the validity of classification with both the circularity and the irregularity for the estimated tumour-boundary. The numerical results show that the number of iterations in the level set method can be reduced using the binary image obtained by the adaptive differential filter.
